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Inferior vena cava (IVC) thrombus is an uncommon complication of renal cell carcino-
ma (RCC) which indicates a particularly aggressive cancer and has historically had a
poor prognosis. While open surgery to remove IVC tumor thrombi has been practiced for
decades, and remains the predominant surgical method, a robotic approach to this pro-
cedure has been described in literature for the past 10 years. This article will discuss the
surgery atlength, both the risks and benefits, as well as a step-by-step description of
the procedure itself. The objective of this article is to prepare the surgical technologist to
assist in this complex urologic case. Although this article will describe the technique for
surgeryonaright kidney, the procedure foraleft kidney is similar.

BACKGROUND

f the over 100 types of cancers seen in surgical patients, renal
O cell carcinoma (RCC) represents about 3% of solid adult

neoplasms and is the most common malignant tumor occur-
ring from the renal parenchyma.” While most RCCs are asymptomatic,
signs and symptoms may include hematuria, lower back pain on one
side, a palpable mass, fatigue, loss of appetite, anemia, and persistent
fever not associated with an infection. RCC can also present with a
tumor thrombus extending into the inferior vena cava (IVC); when
present, an IVC thrombus makes surgical management significantly
more complex. Between 4-10% of RCC patients present with venous
extension of the tumor from the renal vein to the IVC,” and the pres-
ence of a tumor thrombus is associated with aggressive cancer vari-
ants.® Diagnosis of RCC is typically confirmed through a variety of
scans and tests, most often including CT scan, MRI scan, ultrasound

imaging, urinalysis, and biopsy.

LEARNING OBJECTIVES

A Reviewthe anatomy affected during
this procedure

A Detailthe procedural stepsand
whethera cavotomy is needed

A Llisttheinstrumentationand
supplies needed for this operation

A Explainthe pathology that
necessitates surgical intervention

A Explore the history of treating renal
cell carcinomas
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N 27 24

Average Length of Stay (days) 7 3 0.03
Average Estimated Blood Loss (mL.) 1800 450 <0.01
Transfusion Rate (%) 82 21 <0.01
Fever Complications (%) 43 17 <0.01

Source: Rose et al, 2020

The predominant method for addressing RCC involv-
ing IVC thrombus is open resection, as this allows for the safe
handling of the IVC and minimizes the risks of perioperative
complications.’ In fact, prior to the advent of robotic surgery,
it was thought that IVC tumor thrombi, need for lymphad-
enectomy, contiguous organ invasion, and other oncological
complications would always require open surgery."> However,
since 2011,° the robot-assisted thrombectomy has become a
viable option, and complete surgical resection of the tumor
remains the standard practice with the best patient outcomes.’
Robot-assisted radical nephrectomy with IVC thrombectomy
has been shown to be feasible, safe, and effective in treating
aggressive RCC in selected patients.>>*'*!?

As exciting as this new surgical frontier may be, it is not
without significant risks. Studies have demonstrated a periop-
erative mortality rate for patients undergoing IVC thrombec-
tomy of 5-8%.° Urologists performing this operation should
communicate with their facility’s vascular surgery and/or
cardiothoracic surgery team beforehand to coordinate and
develop a plan for addressing complications. Whether a con-
sultation with vascular or cardiothoracic surgery is indicated
will be based on the size of the thrombus and how far up the
IVC it extends. Familiarization with robotic IVC thrombec-
tomy techniques may prove crucial for urologists who per-
form robotic nephrectomies'® and may help them to expand

their practice. For these reasons, meticulous preoperative plan-
ning, patient selection, and surgeon experience are essential to
preventing perioperative complications.>” In addition to the
typical risks of hemorrhage (greatly amplified in this proce-
dure), surgical site infection (SSI), and tumor recurrence, one
must consider the potential for unique complications. A tumor
thrombus in so large a vessel presents not only a risk of metas-
tasizing, but also of the thrombus either occluding the IVC or
embolizing and traveling to the right atrium and potentially
points beyond due to a misplaced clamp.

Despite these risks, there are numerous advantages to a
robotic approach when compared to an open approach in these
patients. One study comparing the robotic approach against
the traditional open approach found that “Robotic procedures
have been reported to have shorter hospital stays, less blood
loss and transfusions, and a lower complication rate” (Kishore
et al,, 2020). Other studies have shown similar oncologic and
survival outcomes.” A 2019 study conducted at the Mayo
Clinic, specifically comparing open radical nephrectomy with
tumor thrombus versus robot-assisted radical nephrectomy
with tumor thrombus, concluded that “[Robot-assisted radi-
cal nephrectomy with tumor thrombus] produced a shorter
length of stay, less transfusions, and a lower rate of complica-
tions with no significant difference in overall survival” (Rose
et al., 2020).

0 Tumor thrombus is limited to the renal vein

Radical nephrectomy of renal cell carcinoma

renal vein

| Tumor thrombus extend into IVC with <2cm above the

Tumor thrombus could be extended to renal vein and
thenradical nephrectomy

renal vein but below the hepatic veins

Il Tumor thrombus extends into [VC >2cm above the

The transaction of Tiveris required; blocking up the
section of the IVCunderneath hepaticvein

veins but below diaphragm

[ Tumor thrombus which extends above the hepatic

The mobilization of the liver; vena-venous bypass is
required

v Tumor thrombus is above diaphragm

Intraoperative extracorporeal circulationis requisite

Source: Peng, et al, 2020
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PATHOLOGY NECESSITATING SURGICAL
INTERVENTION
Tumor thrombi extending into the IVC are classified
based on their extension along the vena cava, using a
system'* developed in 1987 by Neves & Zincke. A Level
I thrombus is one which extends less than 2 cm from the
junction of the renal vein and the inferior vena cava. A
Level II thrombus extends more than 2 cm from the renal
vein but terminates inferior to the hepatic veins. A Level
III thrombus extends superior to the hepatic veins, but
inferior to the diaphragm. Any tumor thrombus which
extends superior to the diaphragm is classified as a Level
IV."® As venous extension increases, so too does the dif-
ficulty of resection, which in turn increases the risk of
perioperative morbidity and mortality.”

The most common subgroup of RCC, clear cell renal
cell carcinoma (ccRCC), often presents with hypervas-

SUPPLIES
o Basic laparoscopic kidney pack
e Arm positioner

o Foam positioning aids (donuts, arm pads, pillows, head-

rest, etc. as needed)

o 15mm Endocatch bag

o Vascular stapler

« 5fr open-ended catheter

o 10cc Luer-lock syringe (x4)

o Veress needle

« Laparoscopic suction-irrigator

o Monopolar electrocautery pencil with smoke
evacuation

« Skin closure adhesive

o Vessel loops (x4)

o Laparoscopic cholecystectomy drape

o Utility drapes (x4)

o Local anesthetic of surgeon’s preference

o Heparinized saline

o Suture as follows:
* 4-0 polypropylene suture on RB-1 needle (x4) (two

cut to 7” with a knot

« 10mm Hem-O-Lok and Lapra-Ty for cavotomy stitches,

and 2 cut to 4” with a knot and Lapra-Ty for “rescue”
stitches in the event of inadvertent vascular injury)

« 0 Vicryl CT-2 (x2)

« 1 PDS CT-1 (x2)

« 0 Vicryl UR-6 (x2)

¢ 4-0 Monocryl PS-2 (x2)

cularity. This common characteristic raises the potential
risk of significant bleeding, even in the absence of a tumor
thrombus, due to the presence of well-developed collateral
vasculature.” Though useful in all variations on this proce-
dure, a robotic ultrasound probe will be essential in iden-
tifying residual vascular supply after renal artery ligation®
as well as determining the size and location of the tumor
thrombus intraoperatively. Another complication which
may contraindicate surgical intervention altogether in the
instance of IVC thrombus is metastatic disease. Kamimura
et al. (2017) noted that “Although the significance of cyto-
reductive nephrectomy in metastatic renal cell carcinoma
(mRCC) is reported, that of surgical intervention in cases
with venous extension is still controversial because of the
high perioperative complication and mortality rates” This
point continues to show how meticulous patient selection
and screening is essential to surgical success.

EQUIPMENT

« DaVinci Si robot

« Intraoperative ultrasound with robotic/laparoscopic
probe

o Bipolar and monopolar ESUs

« BAIR hugger (upper and/or lower as patient physiology
may dictate)

INSTRUMENTATION

« Standard Si reposable instruments (to include mono-
polar scissors, fenestrated bipolar forceps, and Prograsp
forceps)

o Round-tipped robotic scissors

o Laparoscopic atraumatic grasper

o Laparoscopic needle driver

o Laparoscopic scissors

« Urologic open instrumentation (to include various
forceps, scissors, long fine-tipped needle drivers, and
retractors)

« Major vascular instrumentation (to include Potts scis-
sors, DeBakey peripheral vascular clamps, Satinsky
clamps, Garrett vascular dilators, and other large vascu-
lar clamps as available)

o Chitwood vascular clamps

« Laparoscopic bulldogs and applier (x2)

» Robotic bulldogs (x4)

o Small, medium, and large Hem-O-Lok appliers and
clips (or other laparoscopic clips as available)

o Lapra-Ty applier and clips
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PATIENT POSITIONING

Left lateral (right-side up), arm board under left arm, right
arm supported by arm positioner. The bed will be flexed
to elevate the patient’s mid-section and rotated to the
patient’s right (slightly supinating the patient). The patient
will need to be amply padded to prevent pressure ulcers.
Once the ports are placed, the robot will be positioned on
the patient’s right (behind the patient now) and the robot
arms come across the patient so that robotic instrument
tips will be aimed dorsally.

Smm DaVinc S Robotic Trocar &
G2 pren 1

15men Assistant Port

SPECIAL CONSIDERATIONS

Coordination with vascular surgery is strongly recom-
mended, and it is advisable to have a vascular surgeon
present during IVC dissection and cavotomy, if possible,
in the event that conversion to open becomes emergently
necessary. The patient will ideally have a central line, two
intravenous lines, and an arterial line placed before drap-
ing to enable real-time vital sign monitoring and rapid
fluid volume replacement, if necessary.
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PROCEDURAL STEPS?®
The patient will be prepped with a chlorhexidine gluconate
solution and draped. Local anesthetic will be injected, and
a small incision will be made using an electrosurgical pen-
cil. Two penetrating towel clamps will be used to elevate the
skin and abdominal wall and a Veress needle will be inserted.
Once access has been confirmed with a drop test, the insuf-
flation tubing will be attached, and the peritoneum will be
insufflated with CO2. The Veress needle will be removed and
replaced with a long 12mm laparoscopic port to allow the
camera to be inserted. The robotic camera will be brought
to the field and once
in place, remaining
ports will be placed
under direct super-
vision (see image).

Once access has
been established and
the ports have been
placed, the robot
will be docked to the
patient from behind,
and instruments will
be placed as follows,
from the surgical
technologist’s right
to left:

Arm 1 - Mono-
polar curved scissors

Arm 2 - Fenes-
trated bipolar
forceps
3 - Pro-
grasp forceps

Arm

The surgeon will
break scrub and take
their place in the
console. First, any adhesions will be removed and the surgi-
cal field will be exposed. The upper pole of the kidney will be
carefully dissected first, elevating the lower lobe of the liver
off of the anterior surface of Gerota’s fascia. A laparoscopic
grasper will be placed through the sub-xyphoid 5mm assis-
tant port to retract the liver superiorly. Dissection will con-
tinue along the Line of Toldt, freeing the hepatic flexure of the
colon, which allows for better access to the lower pole of the
kidney, which will be dissected free. The hilum of the kidney
will be dissected to visualize the ureter, renal vein, and renal



artery. The IVC will be dissected circumferentially using an
interaortocaval approach. If lumbar veins are encountered
which cannot be navigated around, these will be ligated with
10mm Hem-O-Lok clips and cut. The ureter will be skel-
etonized and ligated with 18mm Hem-O-Lok clips, with two
placed distal to the line of transection and one placed proxi-
mal so the end with two clips remains in the body. The ure-
ter then will be divided between these clips. The renal artery
will be skeletonized and ligated as before, using 10mm Hem-
O-Lok clips, and divided.

At this point, the ultrasound probe will be introduced
via the 15mm assistant port. This will be used to confirm
the position of the tumor thrombus. After confirming the

Improvised Rummel tourniquets can be fashioned using a vessel loop and a
10mm Hem-0-Lok clip.

Image Source: HenryFordTV (2011).

Insome cases, a
Level | thrombus
may be able to
be retracted
into the renal
veinvia gentle
lateral traction
on the kidney. In
which case, the
surgery proceeds
much like a
standard radical
nephrectomy.

Image Source: HenryFordTV
(2011).

size and location of the tumor thrombus, the surgeon will
decide whether to proceed with a cavotomy and thrombec-
tomy, or if the tumor can be sufficiently reduced with renal
traction, in which case the renal vein will be divided using
a stapler with a vascular load as is common in a standard
robot-assisted radical nephrectomy. This approach is often
teasible for Level 1 thrombi and when achievable allows for
a significantly less complex vascular control.

If the surgeon decides to proceed with a cavotomy, three
vessel loops will be passed in via the 15mm assistant port.
These will be used as Rummel tourniquets on the left renal
vein, as well as the IVC, inferior and superior to the throm-
bus. An ultrasound may be used to confirm the superior and

The cavotomy will be made on the anterior surface of the vena cava at the

junction of the renal vein.
Image Source: HenryFordTV (2011).
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The cavotomy is repaired using a 4-0 polypropylene stitch. Care should be
taken that the lumen of the IVCis not narrowed more than is necessary.
Image Source: HenryFordTV (2011).

inferior boundaries of the thrombus. The use of vascular
clamps is not advised, as inadvertently clamping the throm-
bus may create an embolus. The tourniquets are doubly
looped around the vessels and held in place with a 10mm
Hem-O-Lok clip. The order of application will be: left renal
vein, inferior IVC, superior IVC.

The cavotomy will be made at the anterior junction of
the IVC and right renal vein, then extended superiorly and
inferiorly using round-tipped robotic scissors. The throm-
bus will be carefully delivered through the cavotomy, tak-
ing care not to break or sever it. While being removed, the
thrombus will be covered with a sponge and gently retracted
with the Prograsp forceps.

The cavotomy will be repaired using a 4-0 polypropylene
stitch on an RB-1 needle, cut to 7-inches, using a continuous
running suture technique. The tail of the stitch is knotted,
with a 10mm Hem-O-Lok clip and Lapra-Ty as a bolster.
Once the cavotomy repair is nearly complete, the lumen will
be flushed with heparinized saline and the repair will be
completed. The suture will be secured on the end with a
Hem-O-Lok clip and Lapra-Ty. Care needs to be taken that
the lumen of the IVC is not narrowed more than necessary.

The Rummel tourniquets will be cut and removed in the
same order that they were applied: left renal vein, inferior
IVC, superior IVC. The specimen will be placed in a 15mm
Endocatch bag and the surgical field will be evaluated for
hemostasis. Once the surgeon is satisfied with hemostasis,
the robotic and laparoscopic instruments will be removed,
and the robot will be undocked from the patient.
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The most inferior port site (Arm 3) will be extended
to extract the specimen. The peritoneum will be closed
using a 0 Vicryl suture on a CT-2 needle and the fascia
will be closed with a 1 PDS suture on a CT-1 needle. At
this time, local instillation of 30cc 0.25% bupivacaine can
be placed below the transversalis fascia as a TAP block for
post-operative pain management. Local anesthetic then
will be injected subcuticularly, and the skin will be closed
with a 4-0 Monocryl suture on a PS-2 needle. The camera
and 15mm assistant port sites will be closed with 0 Vicryl
sutures on a UR-6 needle, followed by 4-0 Monocryl suture
on a PS-2 needle. The remaining port sites will be closed
with 4-0 Monocryl suture. Finally, the surgical field will be
cleaned and Dermabond will be applied. No dressings are
needed if superficial hemostasis has been achieved.

Coordination with vascular surgery is
strongly recommended, and it is advis-
able to have a vascular surgeon present
during IVC dissection and cavotomy, if

possible, in the event that conversion to
open becomes emergently necessary.

POSTOPERATIVE PROGNOSIS

The procedure of nephrectomy with IVC thrombectomy is
associated with a significant risk of perioperative complica-
tions including perioperative mortality. Studies of periop-
erative complications have suggested a rate of 12% to 47%,
depending on the thrombus level and mortality rates have
been shown to be 5% to 10%."!

The risk of complications exists irrespective of the surgi-
cal approach, and to date there have been no Level I trials to
suggest an improvement in surgical outcomes with robotic
assistance. Observational data, however, do suggest that the
robotic approach may be associated with decreased length of
stay, reduced blood loss, and a decreased risk of periopera-
tive morbidity and mortality, albeit in a population that is
very highly selected.!

Given the high-risk nature of nephrectomy and IVC
thrombectomy, it is important to recall the natural history
of RCC with tumor thrombus. In absence of surgical treat-



ment, the median survival for patients with RCCIVCT has
been shown to be as little as five months.'

Following surgical resection, in the absence of lymph
node positive disease, five-year cancer specific survival has
been shown to routinely exceed 60-70%.>%%!2
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1. After confirming the size and location
of the tumor thrombus, the surgeon will
decide whether to proceed with:

A cavotomy

Athrombectomy

Renal

All of the above
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e e e .

2. Between____of RCCpatients present
with venous extension of the tumor from
the renal vein to the IVC.

1-3%

3-7%

4-10%

6-12%
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3. Onestudy comparing the robotic
approach against the traditional open
approach found that robotic procedures
have been reported to have:

Shorter hospital stays

More transfusions

Lower complication rates

Bothaandc
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_____________ isthe most common
malignant tumor occurring from the renal
parenchyma.

Renal cell carcinoma

Hepatocellular carcinoma

Angiosarcoma

Urothelial carcinoma

A____thrombus extends less than 2 cm
from the junction of the renal veinand
the inferiorvena cava.

Level |

Levelll

Level Il

Level IV

Whichlevel thrombus extends superior to
the hepaticveins, butinferior to the dia-
phragm?

Level |

Levelll

Level Il

Level IV

The IVCwill be dissected circumferen-
tially using an:

Subcostal approach

Interaortocaval approach
Extraperitoneal approach

None of the above
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D

[— T = I -~ )
D
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The most common subgroup of RCC, clear
cell renal cell carcinoma (ccRCC), often
presents with:

Increased bleeding

Metastatic disease

Hypervascularity

Obesity

Ifa cavotomy is needed, it will be made
atthe anterior junction of the:

Right renal vein

Left renal vein

IVC

[VCandright renal vein

. Freeing the hepatic flexure of the ___

allows for betteraccess to the lower pole
of the kidney.

Liver

Colon

Intestines

Bladder
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